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Executive Summary

ECOGNIZING THAT THE

G ulf of M aine is a
com m on resource of
inestim able value to their residents,
the Provinces of Nova Scotia and New
Brunswick, the States o f M aine and
New H am pshire, and the C om m on
w ealth o f M assachusetts have jo in ed in
a cooperative effort to p ro tect its
ecological integrity and the m any uses
th at d ep en d upon its co n tin u ed good
health.
T he G ulf is a m arine ecosystem de
fined by currents and tides, n u trien t
cycles, and the m igration o f m arine
anim als; it pays no heed to political
boundaries separating states, prov
inces, or nations. T he living m arine
resources of the ecosystem may spend
p art of their lives in coastal waters and
p art in offshore waters, p art in C ana
dian waters and p art in the waters of
the U nited States; m any species of fish,
m arine m am m als, and birds lead
transboundary lives. It is im p o rtan t to
rem em ber that environm ental dam age
in one p art of the G ulf can be felt in
an o th er and that a series o f seem ingly
negligible effects can be o f m ajor
harm ful consequence in sum.
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This rep o rt was com piled to illus
trate that the G ulf supports diverse, and
som etim es conflicting, uses; that it is an
ecosystem that is best m anaged using
ecological principles which do n o t “see”
political boundaries; that the sustained
use of the G u lfs resources, n o t only by
present but by future generations, will
d ep en d upon wise stew ardship o f the
G ulf environm ent; that cooperative ef
fort on the p art of the b o rd ering States
and Provinces will he req u ired to p ro 
tect the Gulf; and that prevention of
degradation is less costly, m ore effi
cient, and m ore effective than rem edial
programs.
T he G ulf o f M aine is of great w orth
not only to the people of the G ulf
region who d ep en d upon it for eco
nom ic, aesthetic, and recreational
value, b u t also to the m any others from
outside the region who enjoy or profit
from its resources. A m ong the m ost
productive bodies of w ater on earth,
the G ulf has nourished a thriving
m aritim e heritage for several centuries.
T he grow th of the hum an p o pula
tion and consequent developm ent in
the G ulf region have resulted in a series
of insults to the G ulf environm ent.
Tons o f raw and partially treated
sewage are discharged into the G ulf
each day. Industrial discharges and
urban and agricultural ru n o ff all
introduce toxic contam inants and

bacteria to m arine and estuarine
waters on a chronic, and at tim es
acute, basis. Increased fishing effort
has reduced fish stocks to all tim e lows.
Coastal developm ent has encroached
on environm entally significant m arine
w etlands. A ccidental spills o f oil and
o th er toxic m aterial place additional
stresses upon the G ulf environm ent.
Evidence of these stresses can be
found th rou g h o u t the Gulf. A lthough
lim ited data exist to assess adequately
the environm ental quality trends in
the G ulf of M aine, the w arning signs of
degradation are clear in research con
ducted during the last decade:
— highly industrialized harbors such
as Boston and S ain tjo h n are seriously
degraded; it is unlikely that such places
will ever regain all of th e ir natural
functions;
— relatively undeveloped em baym ents,
such as Penobscot Bay, exhibit elevated
levels of contam inants in sedim ents;
— sedim ents in the deep basins o f the
offshore G ulf o f M aine contain low but
u nnatural concentrations o f toxins,
indicating that contam inants are being
transported throu g h o u t the Gulf.

While the effects o f such stresses are
not fully docum ented, natural proc
esses in the G ulf are clearly being
affected:
— certain fish and shellfish exhibit
liver lesions, fin rot, and o th er signs of
environm ental stress;
— the right whale, p iping plover, and
other species o f wildlife are en d an 
gered or declining;
— populations o f som e com m ercially
valuable fish species d ep en d upon an
increasingly lim ited n u m b er o f year
classes, and some may n o t be rep ro 
ducing them selves at all;
— health advisories have been issued
in several nearshore regions o f the
Gulf to pro tect the public from the
hazards associated with swim ming in
contam inated waters and eating
contam inated seafood.
Im pacts in the G ulf are n ot just
ecological; coastal econom ies are
affected by environm ental degradation
in the Gulf:
— the G u lf s fishing econom y is in
precarious condition because of
declining fish stocks;
— several h u n d red thousands of acres
o f productive shellfish habitat are
closed to harvesting d ue to sewage con
tam ination , resulting in serious loss of
livelihood;

— the public’s increasing concern
regarding contam inated seafood may
be driving down the price o f fish and
shellfish;
— loss o f traditional harvestingjobs
has affected the ch aracter and econo
mies of coastal com m unities whose
fundam ental heritage is m aritim e.
O f greatest im portance for the
future is the know ledge that the G ulf
of M aine can be p ro tected. W hile
w arning signs o f environm ental
deterioration are evident, m uch o f the
G ulf rem ains healthy. Preventive
action, however, will be req u ired to
m aintain the environm ental quality of
the Gulf, as well as to reverse all trends
toward degradation n o ted in this
report. Now is the tim e to explore op
portunities to ensure the continued
viability of the G ulf and its many uses.
T he G ulf o f M aine m ust be m an
aged as an ecosystem rath er than as a
series o f political jurisdictions. A
cooperative environm ental strategy is
required to d irect a Gulf-wide m onitor
ing effort, to provide for pollution
abatem ent and control, and to pro
m ote the sustainable use o f living
resources.
A broad-based un derstan d in g of the
ecological and econom ic values o f the
G ulf is essential for the im proved
stew ardship of the Gulf. A public
education effort, including public

participation program s, curriculum
supplem ents, films, and educational
literature, will im part a g reater sense of
environm ental responsibility am ong
the public and g en erate support for
environm ental planning.
Effective m anagem ent o f the G ulf
will require ongoing cooperative
research on the structu re and function
of the G ulf ecosystem , as well as on the
effects o f pollution, habitat loss, and
oth er stresses.
This rep o rt is a first step in a m ulti
lateral endeavor to im prove environ
m ental m anagem ent o f the Gulf.
W hile provincial, state, and federal
governm ents are taking this first step,
the assistance o f industries, m unicipali
ties, conservation groups, and individ
ual citizens will be req u ired if this
initiative is to be successful. An
unparalleled o p po rtu n ity still exists to
preserve and en h an ce the G ulf of
M aine and its m any uses: now is the
tim e to work to g eth er to pro tect this
invaluable resource.
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ECOGNIZING THAT THE

G ulf of M aine is a
com m on resource of
inestim able value to their residents,
the Provinces of Nova Scotia and New
Brunswick, the States of M aine and
New H am pshire, and the C om m on
wealth of M assachusetts havejoined
together in a cooperative effort to
protect the ecological integrity of the
G ulf of M aine and the m any uses that
dep en d upon its contin u ed good
health.
This rep o rt was com piled to illus
trate that the G ulf supports diverse and
som etim es conflicting uses; that it is an
ecosystem that m ust be m anaged using
ecological principles which “see” no
political boundaries; that the sustained
use of the G u lf s resources, n o t only by
ourselves but by future generations,
will dep en d upon o u r wise stew ardship
of the G ulf environm ent; that coopera
tive effort on the p art of the b o rdering
states and provinces will be required;
and that prevention of fu rth er d egra
dation will be m uch less costly, m ore
efficient, and m ore effective than
rem edial programs.

This rep o rt is a first step in a m ulti
lateral effort to im prove environm ental
m anagem ent o f the Gulf. W hile
provincial and state governm ents are
taking this first step, the assistance of
industries, m unicipalities, conservation
groups, and individual citizensw ill be
required if this initiative is to be a suc
cess. An unparalleled o p po rtu n ity still
exists to preserve and en h an ce the
G ulf of M aine and its m any uses: now
is the tim e to jo in to g eth er in pro tect
ing this invaluable resource.
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Introduction

HAT IS THE GULF

o f M aine? It is m any
things: a sem i-enclosed
sea, alm ost entirely cut off from the
northw estern A tlantic ocean by u n d e r
water banks; a m arine ecosystem ,
com prised of a com plex web o f n u tri
en t cycles, food chains, and energy
flows; a source of econom ic livelihood
for many, from fishing to tourism ; and
a bond betw een C anadians and A m eri
cans, whose com m on d ep en d en ce
upon it is the basis for a rich and long
standing m aritim e heritage.
The G ulf o f M aine is a resource of
unparalleled value for all who b o rd er
its shores. Its living resources, am ong
the most productive in the w orld, sup
ported native N orth A m ericans and,
later, E uropean settlers. U ntil they
were restricted in the 1970s, foreign
fishing fleets cam e from across the
world to harvest the ab u n d an t supply of
fish from G ulf waters. From traw ling
with highly sophisticated technology to
digging clams with a rake, fishing
directly supports thousands o f the
region’s inhabitants while fish process
ing, shipping, selling, and fish p rep ara
tion supports many h u n d red s of
thousands more.
While fisheries rem ain the backbone
o f econom ic activity in the Gulf, new er,
non-consum ptive uses o f the G u lfs
resources are fast growing. Sailing,
whale w atching, and simply walking on
the beach are am ong the m any activi
ties that now attract m illions from n ear

and far to the shores o f the Gulf, sup
porting a burgeoning tourist econom y
in the G ulf region. A quaculture, the
farm ing of fish and shellfish, has also
dem onstrated its econom ic potential
in the Gulf, w here clean and rich
waters provide an ideal environm ent
for the husbandry o f m arine creatures.
But the G ulf is w orth m uch m ore to
us than its value in econom ic term s.
Millions are attracted to its shores to
live. Recreational opportunities, di
verse and beautiful scenery, open
space, abundantw ildlife, and the sense
of a wilderness relatively untram m elled
by man all add to the exceptional
quality o f life experienced by residents,
w hether they live on the shore o r not.
The vitality o f the G ulf environm ent is
reflected in o u r own lives; we are
enriched by the successful m igration of
a salm on, the dance o f sunlight on the
sea, and the grace of a shearw ater as it
skims the waves.

Today, evidence is accum ulating
that the health o f the G ulf may be at
risk. Pollution, habitat destruction,
and overuse of resources pose threats
to the ecological integrity o f the Gulf,
once tho u g h t to be im m une from deg
radation. Trace am ounts o f toxic con
tam inants have been detected in the
deepest parts o f the Gulf; som e
industrialized harbors exhibit excep
tionally high levels of contam inants,
and lesions associated with contam ina
tion have been found in som e fish.
T h ro u g h o u t the ex ten t o f the G u lfs
shoreline, sewage pollution has
resulted in the closure o f thousand of
acres of productive shellfish flats; som e
swimming beaches have also been
closed; com m ercial fish stocks are at
an all tim e low; and several species of
wildlife are en d an g ered due to loss of
habitat. M uch o f the degradation
ap p aren t in the G ulf is the cum ulative
result o f a series o f events. We can n o t
po in t at one oil spill, one industrial
THE GULF OF MAINE 9
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For the purposes of this report the Gulf of M aine is broadly defined and considered to include the Bay of
Fundy to the north and Georges Bank to the south, as w ell as the Gulf proper. T h is co rn e r of the ocean
is often referred to as a "sea w ithin a sea", because its w aters are separated from the A tla n tic O cean
by the subm erged plateaus of Georges Bank and B row ns Bank and are isolated by tem perature and
salinity differences from the rest of the A tlan tic. For the m ajority off its perim eter the Gulf is surrounded
by land — three N e w England states and tw o M aritim e provinces.

discharge, or one developm ent project
to explain this evidence of environ
m ental harm . W hile the loss of one
w etland may have a negligible im pact
on the w hole system, the cum ulative
im pact o f extensive w etland loss, which
has occurred and continues to occur in
the G ulf region, can have a deleterious
effect on the functioning of the entire
ecosystem. W hile there is insufficient
data to assess the overall threat to the
Gulf, a disturbing p attern is em erging:
as m ore people crow d the shores of
the Gulf, m ore degradation appears to
be occurring. T he evidence noted
above m ust be taken as an early
w arning sign: now is the tim e to act to
preserve and p ro tect the G ulf and the
im portant role it plays in o u r lives.
Many think of the sea as an inde
pen d en t environm ent unaffected by
the land, but in fact, the G ulf and the
land that surrounds it are closely
linked. T he cycle, in w hich w ater is
evaporated from the surface of the sea,
deposited u p on the land in the form of
snow or rain, and carried back again to
the ocean, links land and sea. W ater
retu rn in g to the sea carries with it a
load of sedim ent, organic m atter, and
nutrients. Productivity in the G ulf is
greatly en h an ced by this introduction
o f terrestrial nutrients. However, it is
the same retu rn in g w ater that carries
life-giving nutrients that also fre
quently ushers in a host o f dam aging
contam inants and wastes generated by

hum an activities. Thus, the health of
the G ulf is closely tied to the terrestrial
environm ent that surrounds it on
three sides - especially to the activities
of those who live and work on its
shore. As the population of the G ulf
region grows, g reater and greater
dem ands are placed upon the G u lfs
ecosystem: developm ent activities alter
or destroy natural habitats and
processes, m ore sewage and industrial
waste are g enerated, and m ore
resources are harvested. Ironically, as
we are draw n to the natural resources
of the G ulf and becom e d ep en d en t
upon them , we sim ultaneously
threaten the G u lf s continued viability.
T he G ulf is a m arine ecosystem
defined by currents and tides, n u trien t
cycles, and the m igration o f m arine
anim als; its natural processes pay no
heed to political boundaries that
separate states, provinces, or nations.
Many species o f fish, m arine m amm als,
and birds inhabiting the G ulf region
lead transboundary lives, spending
p art of their life cycle in coastal waters
and p art in offshore waters, p art in
C anadian waters and p art in the waters
of the U nited States. Even sedentary
species such as clam s and barnacles
rely on currents that circulate in the
G ulf to ensure the dispersion of their
young. T hreats to the G ulf environ
m ent also ignore political boundaries;
contam inants move with winds and
waters regardless o f politicaljurisdictions. T he loss of a particular habitat

can affect the Gulf-wide occurrence of
a species that relies upon it. It is
im portant to rem em b er that environ
m ental dam age in one p art o f the G ulf
can be felt in an o th er and that a series
of seem ingly negligible effects can be
of m ajor harm ful consequence in sum.
T he co n tin u ed health and in
creased use of the G u lf s resources
requires us to m anage it as a m arine
ecosystem, not as a n u m b er o f separate
and com peting entities. T he G ulf
cannot be successfully utilized and
protected on a piecem eal basis. We
share the responsibility for sustaining
the bounty of the G u lf s resources now
and for future generations.
How is that responsibility dis
charged? It requires sincere com m it
m ent of governm ents, industries,
citizens — in short, all o f us. The
effort will dem and change, in som e
cases m ajor ad aptation, but none
greater than facing the im pact of
serious environm ental degradation
that w ould result if p resen t trends are
allowed to continue. C hanges will
occur as a result o f choices - choices
that we m ake in o u r everyday lives,
choices about how we use o u r natural
resources and how we dispose of our
wastes. As we com m it ourselves to
assessing o u r role in the use and
degradation o f the Gulf, we will begin
to un derstan d o u r responsibility for its
wise stew ardship and protection.
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The G ulf as an Ecosystem
C H A P TE R O N E

HE GULF OF MAINE

ecosystem is m ade up
o f a diversity of m arine
habitats tied tog eth er by ocean currents
circling the w aterbody. The com bined
productivity o f seaweeds, salt m arsh
grasses, and phytoplankton is as great as
any com parable area in the world, and
provides the foundation o f the G u lf s
biological abundance.
G eo l o g ic h isto r y

Fifteen m illion years ago the area w here
the G ulf o f M aine is now located was a
gently sloping, subm erged platform
sim ilar to the continental shelf off the
m id-Atlantic states today. Later, the
region was exposed as dry land and
eroded by stream s, w hich carved o ut the
basin th at eventually becam e the G ulf
and created the deep incision that is
now the N ortheast C hannel. Glaciers
covered the region d u rin g the last one
to two m illion years, fu rth er scouring
out the G ulf o f M aine basin and
depositing outwash to form Georges
Bank.
W hen the last of the glacial ice re
treated ab o u t 13,000 years ago, sea level
was m uch lower than at present.
Georges Bank was exposed as dry land,
first as a cape extending from the m ain
land and then as an island. G eorges
Bank and the depressed m ainland were
flooded w hen the glaciers m elted and
retreated to the north. A bout 12,500
years ago, the site o f what is now Port
land, M aine was u n d e r at least 160 feet
M aine Critical Areas Program

(50 m eters) of w ater and the sea
reached as far as 60 miles (100 kilom e
ters) inland from the present coastline.
Since then, sea level has fallen, but is
now rising again at a rate of about one
foot (30 centim eters) a century.
Today, w ater depths in the region
vary from 1,237 feet (377 m eters) in the
deepest basin o f the G ulf to 761 feet
(232 m eters) in the N ortheast C hannel,
to as shallow 13 feet (4 m eters) on the
crest of G eorges Bank. Between these
extrem es, the seabed is characterized by
a diverse collection o f ridges, banks,
gorges, and deeps, and is covered by
sedim ents varying from bedrock to
sand, gravel, shell, and m ud.

T he coastline o f the G ulf of M aine
reflects the geologic history of the re
gion - sm ooth and beach-lined or in
d en ted and rockbound, depen d in g on
the hardness and texture o f the
bedrock, w here the glaciers deposited
th eir loads o f sedim ents, and how the
sedim ents have since been rew orked.
T he southern coast of the G ulf of
M aine, betw een Cape Cod, M assachu
setts, and Cape Elizabeth, M aine is
characterized by long sandy beaches,
soft cliffs and bluffs, and an occasional
rocky h eadland. T here are num erous
barrier beaches protecting extensive
salt m arshes lying b ehind them .
THE GULF OF MAINE 13

Some water breaks away from the counter clockwise Gulf of Maine gyre off the western tip of Nova Scotia and
flows into the Bay ofFundy. Water flows back into the Gulf on the Bay's northern edge. Water also breaks off
the Gulf current on its southern edge to join the current circling Georges Bank. Water that does not complete
the circuit around Georges Bank spills off into the Northeast Channel orflows south to the mid-Atlantic.

|

Annual Production Estim ates for Various Shelf Ecosystem s

Tro p h ic Level

Primary
Production

M id- Atlantic
Bight

3,103

Georges
Bank

3,342

Gulf of
Maine

2,566

Scotian North
Shelf
Sea

2,280

2,280

Bering
Sea

1,824

7,ooplankton

357

487

574

411

400

307

Benthos

210

111

98

82

125

149

Fish and Squid
Early 1960s

32

86

32

34

27

Early 1970s

25

26
52
(kcal/m2)

21

24

Sherman et al, 1988
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Between C ape Elizabeth and Passam aquoddy Bay at the m outh of the Bay
ofFundy is an extraordinarily rugged,
indented, rockbound stretch of coast.
In the m any bays, coves, and inlets are
thousands o f islands and ledges. M uch
of this coast lacks the sedim ent
necessary for sand beaches or salt
m arshes to develop because the
exposed bedrock is prim arily granite
and erodes very slowly. O ften referred
to as a drow ned coastline, the presentday shoreline evolved w hen rising sea
levels flooded prehistoric river valleys.
T he Bay o f Fundy was shaped p ri
marily by faulting and subsequent
erosion by the glaciers. It is known for
its extrem e tidal range which can be
up to 50 feet (15 m e te rs). The
shoreline of the Bay is characterized by
red sandstone cliffs and hard volcanic
rocks. Swift tidal cu rren ts erode the
softer headlands, providing sedim ents
to the floor o f the Bay and the im
m ense m udflats th at occur in some
places.

O ceanography

Two currents dom inate w ater circula
tion in the G ulf of M aine region: a
co u n ter clockwise gyre in the G ulf and
an adjacent clockwise gyre over
G eorges Bank. Several factors contrib
ute to the G ulf of M aine gyre. These
include the spring ru n o ff from the
region’s rivers, daily tides, inflow
around southw est Nova Scotia of water
originating in the G ulf of Saint

Estuaries are a critica l source of
nutrients for the Gulf of Maine
ecosystem .

It takes about three m onths for w ater
to circulate aro u n d the periphery of
the Gulf. These circling currents tie
together all the parts of the G ulf
ecosystem.
Across the G ulf there are enorm ous
variations in tem perature, salinity,
density, and n u trien t co n tent of the
water, d ep en d in g on location, tim e of
year, and water depth. N utrients tend
to becom e trap p ed in d eep er waters.
W here tides, currents, and bottom to
pography com bine to induce m ixing of
bottom and surface waters, biological
productivity is highest. In estuaries
and certain offshore areas, usually near
underw ater banks, vertical upw elling
brings cold, salty, nutrient-enriched
bottom w ater to the surface. O ffshore
areas known to be strongly affected by
vertical m ixing include the area off the
southw estern coast of Nova Scotia
between Cape Sable and Yarm outh,
and off the M aine coast from G rand
M anan Island south as far as M atinicus
Island. D eep w ater from the G ulf of
M aine, pushed onto G eorges Bank, is a
source of n u trien ts for the highly
productive Bank. Many estuaries are

to their m ouths, w here they mix with
upwelling deep ocean water.
The prim ary producers that are the
foundation of the G ulf of M aine’s
biological abundance include singlecelled plants, called phytoplankton,
and m acroalgae, or seaweed. In spring
and sum m er, when nutrients abound
in sunlit waters, phytoplankton bloom
in huge num bers. In the offshore
waters of the Gulf, the areas of highest
productivity occur over the central
portion of G eorges Bank, with the
lowest levels of productivity found in
the deep waters of the G ulf o f M aine
and along the southern edge of
Georges Bank. In com parison with
o th er shelf ecosystems, all of the G ulf
of M aine region has high prim ary p ro 
ductivity levels.
Seasonal phytoplankton bloom s are
followed by population explosions of
zooplankton, m icroscopic anim als that
graze on the phytoplankton. The
dom inant com ponent of the zooplank
ton com m unity are copepods, the p rin 
cipal food for larval fish. This cycle
form s the base of the flourishing food
chain that sustains the fish, m arine
m am m als, and birds of the Gulf.

availability, ocean currents, and
sedim ent type com bine to p ro d uce the
com posite of habitats that is the G ulf
ecosystem.
Estuaries, w here fresh river water
mixes with the salty ocean, are exceed
ingly productive habitats, serving as an
im portant link in the G ulf ecosystem .
Seasonal phytoplankton bloom s m ake
estuaries a desirable nursery for the
planktonic larvae of m any ben th ic
invertebrates such asw orm s, mollusks,
and crustaceans, as well as for juvenile
fish. The reg io n ’s estuaries are
thought to be vital at som e life stage to
about 70% of the fish species of
com m ercial interest along the G ulf
coast.
Salt m arshes and tidal flats are
characteristic features of the reg io n ’s
bays and estuaries. M ud flats occur in
shallow and protected waters, and
develop by deposition o f fine sedi
m ents. W here flats are shallow enough
in slope for em ergent plants to grow,
the u p per portions develop into a salt
m arsh. W etland plants provide food
and cover for both m arine and terres
trial organism s, trap sedim ents and
anchor substrate, and add n u trien ts to
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R ocky intertidal shores are one of
the m ost ch a ra cte ristic features of
the Gulf shoreline, and com prise an
expansive habitat because of the
region’s large tidal range.

Peter Ralston lsland Institute

Humpback whale nearJeffereys Ixdge.

Razorbill auks on Old Man Island off Culler, Maine

the system through decom position.
Small invertebrates live in the m ud and
creeks o f salt m arshes and are con
sum ed by fish, crustaceans, and
breed in g and m igrating birds. T errestrial m am m als such as raccoons, foxes,
and m ink also feed in or n ear salt
m arshes and exposed tidal flats.
T he non-estuarine habitats o f the
n earshore G ulf of M aine - beaches,
rocky intertidal shores, nearshore
subtidal areas, islands, and offshore
areas also play im p o rtan t roles in
sustaining the ecosystem.
Rocky intertidal shores are one of
the m ost characteristic features o f the
G ulf shoreline, and com prise an ex
pansive habitat because o f the reg io n ’s
large tidal range. Like beaches, they
are usually high energy environm ents
that only certain organism s can
tolerate. T he plants and anim als that
live on rocky shores, including rockweed, barnacles, periw inkles, and
mussels, have adapted m eans o f
ad h erin g to hard surfaces. O th er
anim als survive by living in crevices
and tide pools.
T he G ulf shoreline includes a great
n u m b er and variety o f beaches - sand,
gravel, cobble, and boulder. A nim als
that live on beaches are ad ap ted to a
constantly shifting world. M icroorgan
isms and tiny invertebrates living
betw een sand grains and a burrow ing
crustacean are the d o m in an t organ
isms o f the reg io n ’s sand beaches. Surf
clams are one of the few larger

7 idal extremes at Halls Harbour, Nova Scotia in the Bay ofFundy.

organism s m aking th e ir hom e on the
subtidal portions o f sand beaches.
Razor clams and quahogs are com m on
in the sandier flats, w hile soft shelled
clams and m arine w orm s can be found
in m udflats. Many shore birds are
especially well ad apted to capturing
the small anim als living on beaches
and flats.
More than 3,000 islands dot the
periphery of the G ulf o f M aine. Sandy
barrier islands are com m on in Massa
chusetts, such as M onom oy, off Cape
Cod, and Plum Island, n o rth o f Cape
Ann. However, the vast m ajority are
rocky outcrops of varying sizes, many
located along the M aine coast. Islands
support a m ultitude o f nesting sea
birds, seals, and shellfish. Due to
geographic isolation, islands often
have unique vegetative com m unities
and rare plant species.
The shallow m arine subtidal habitat
contributes to the productivity of the
Gulf ecosystem in several ways. It is
hom e to a variety o f m acroalgae,
including kelp and eel grass; their
distribution is d ep en d en t on bottom
substrate and p en etratio n o f sunlight.
M arine organism s find food and
protection in these seaw eed beds.
Organism s com m on to the subtidal
habitat o f the G ulf include sea urchins,
starfish, and sand dollars-favorite
finds of people exploring tidepools.
Sea scallops, w inter flounder, and
lobster, all of com m ercial im portance,
are found both in n earsh o re subtidal

areas, as well as along the bottom of
offshore waters. Som e anim als m igrate
inshore in sum m er to rep roduce in the
relatively rich and tem perate waters of
the shallow subtidal area. O thers, such
as shrim p, m igrate inshore in the
w inter to reproduce.
T he abundance of comm ercially
valuable fish has m ade the offshore
habitat of the G ulf o f M aine fam ous on
both sides of the A tlantic. Productive
waters over subm erged offshore banks
sustain a variety o f m arine life - benthic
invertebrates, fish, m arine mammals,
and birds.

F ish

T he G ulf of M aine region supports
h undreds of species o f fish and
shellfish. T he fish can be described as
one of two types: pelagic, or those that
live in the w ater colum n, or dem ersal,
those that live on or n ear the seabed.
T he m ore com m on pelagic fish of the
G ulf region include sharks, herring,
m enhaden, capelin, m ackerel, bluefin
tuna, swordfish, and bluefish. Most of
the pelagic fish have definite seasonal
m ovem ents, usually in response to
changing w ater tem perature. Some
move betw een inshore and offshore,
others m igrate n o rth to the G ulf
region as the w ater warms each
summer.
D em ersal fish, often called
groundfish, include cod, haddock,
hake, pollock, w hiting, and cusk, as
well as the flatfish, including halibut

and the flounders. T he distribution of
dem ersal fish is affected m ore by the
substrate o f the bottom than by
changes in tem p eratu re. Som e of
these fish are found exclusively on the
bottom , feeding on benthic organism s,
while others are found both along the
bottom and in the w ater colum n.
O th er dem ersal organism s of com m er
cial value include n o rth ern shrim p,
squid, lobsters, crab, and sea scallops.
Som e general observations can be
m ade about the spatial distribution of
fish across the G ulf region. In the
inshore Gulf, cod, haddock, blackback
flounder, and o th er flounders are
pred o m in an t. In the deep w ater Gulf,
the principal species are Am erican
plaice, witch flounder, redfish, white
hake, and cusk. In central Georges
Bank, cod, haddock, blackback and
yellowtail flounders, and pollock are
dom inant. O n the N ortheast Peak of
G eorges Bank, sea scallops are dom i
nant, with seasonal abundances of
groundfish such as cod and haddock.
Som e fish stocks u n dertake seasonal
m ovem ents, crossing the boundary
betw een the U nited States and C an
ada.
Sea h errin g and m enh ad en are
seasonally ab u n dant th rou g h o u t the
G idf region, particularly in nearshore
waters. Spaw ning stocks o f herring
occur off southw est Nova Scotia, along
the coast o f M aine, and on Jeffreys
Ledge and N antucket Shoals; a
rebuilding stock exists on the n o rth ern
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T h e Gulf of Maine provides critical
habitat for the northern right w hale,
the m ost endangered of all the m arine
m am m als found in the region.

Eider ducks

edge of G eorges Bank. These stocks
mix and are found throu g h o u t the
G ulf region at various tim es of the
year.

M ammals

M ore than 18 species of m arine
m am m als are present in the G ulf of
M aine at som e tim e during the year.
Spring is the season of highest abun
dance forw hales, dolphins, and
porpoises, coinciding with the period
o f the greatest annual upwelling in
G ulfw aters. G eorges Bank serves as a
m ajor feeding area and nursery, and
also as a “refu elin g ” site for some
species m igrating through to the G ulf
o f M aine, Bay of Fundy, Scotian Shelf,
and o th er areas. Overall num bers de
cline in the w inter, as many species
m igrate back to southern breeding
grounds, som etim es as far as the West
Indies (e.g., hum pback whales).
The G ulf o f M aine provides critical
habitat for the n o rth ern right whale,
the m ost en d an g ered of all the m arine
m am m als found in the region. Be
tween April andjuly, these anim als
concentrate around N antucket Shoals
and the G reat South C hannel, west of
G eorges Bank, and they are found at
the m outh o f the Bay of Fundy from
late sum m er into the fall. Females
w inter and give birth to young off the
coast of G eorgia, but the m ales’
w intering areas are uncertain.

B irds

T he varied habitats o f the G ulf of M aine
are b reeding and feeding grounds for a
huge abundance and diversity of birds.
Shorebirds find food in the m udflats
and sand beaches of the G ulf as they
m igrate between their Arctic breeding
grounds and southern areas. Sanderlings, sem ipalm ated sandpipers, short
billed dowitchers, and black-bellied
plovers are especially com m on. The
piping plover and least tern are the only
shorebirds that nest on the sand
beaches of the Gulf.
G reat blue herons, osprey, and bald
eagles feed and breed in and near the
G u lf s estuaries. H erons feed on
crustaceans and small fish in the
shallows and usually breed in large
rookeries on islands or on the edges of
swamps or m arshes. O sprey feed and
h u n t in the quiet waters of bays and
estuaries, and usually nest nearby.
Eagles m ate for life and usually nest
high in a live tree.
T he G u lf s shallow subtidal habitat
supplies food for diving ducks, includ
ing eiders, buffleheads, goldeneyes,
scoters, oldsquaw, and m ergansers. Al
though only eiders breed in the G ulf
region, most of these ducks spend all
but the breeding season along the
shores of the Gulf, feeding on small fish
and invertebrates.

All seabirds breed on coastal islands
or p ro tected prom ontories. Som e, like
puffins, shearw aters, auks, and petrels,
live at sea except when breeding. Early
settlers and fisherm en looking for food,
bait, and feathers decim ated populations
of som e seabirds by the end o f the
1800s. Seabirds are now p ro tected by
law and their populations are recover
ing.

C onclusion

T he G ulf of M aine ecosystem is com 
prised of a series of intercon n ected
habitats, form ing the basis of hum an
econom ic activity in the G ulf region.
People who live on the shores of the
G ulf of M aine have long appreciated its
biological wealth. Many have nourished
them selves and m ade a livelihood from
its bounty. However, the sustained use
o f the G ulf s resources will require new
attention to their m anagem ent.
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C H A P TE R TW O

HROUGHOUT HISTORY,

the G ulf o f M aine has
been m ost widely known
and m ost consistently valued for its fish
ery resources. As early as 5,000 years
ago, prehistoric peoples fished the G ulf
in dugout canoes for cod and haddock.
European explorers discovered the
G ulf s wealth in the 1500s and retu rn ed
year after year to harvest fish and carry
their catch back to E urope. In the last
half of this m illenium , p erm an en t
inhabitants settled n ear the Gulf,
making their livelihood from the wealth
of natural resources in the region. As
we approach the 21st century, these
resources still figure prom inently in the
lives and econom y o f G ulf residents.

F ishing

The Gulf o f M aine supports nearly
20,000 fisherm en, fishing approxim ately
300 C anadian and 1,350 A m erican
boats, as well as about 4,000 lobster
boats betw een the two countries. In
1988, landings for the region totaled
nearly 1.2 billion pounds (529,000
m etric to n s), worth approxim ately $650
m illionU .S. ($798m illio n C ).
The fishing industry supports many
more people than ju st the fisherm en
themselves; alm ost an equal nu m b er
work at fish processingjobs. T housands
of others are em ployed building and re
pairing boats, selling fuel and supplies,
and buying and selling fish. In some
com m unities along the southw est coast
of Nova Scotia, approxim ately 75 % of
P eter R alston/Island Institute

Salmon aquaculture operation in Eastport, Maine

the population is directly d ep en d en t
on com m ercial fishing. T he annual
value of the fishing industry to the
regional econom y is as m uch as three
tim es the value of the fish landed approxim ately two billion dollars.
In 1977, both C anada and the
U nited States extended their fisheries
m anagem ent jurisdiction to 200 miles
offshore. Fishing by foreign vessels,
which had been intensive in the
region, was largely precluded.
Fishing in the G ulf o f M aine and on
Georges Bank has doubled since 1977
as U.S. and C anadian fisherm en have
intensified their effort in o rd er to

take advantage of exclusive rights to
fish stocks.
W hen C anada and the U nited States
extended theirjurisdictions, both
nations claim ed G eorges Bank. At
tem pts to negotiate a fisheries agree
m ent allowing m utual access to
G eorges Bank failed. In O cto ber 1984,
the International C ourt ofjustice
decided on a boundary line that
dividedjurisdiction over G eorges Bank
betw een the two countries. C anadian
landings have increased since gaining
exclusive access to the rich groundfish
and scallop grounds on the N ortheast
Peak of Georges Bank.
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M any n ew m arine resource
harvesting and cultivating
ventures are being initiated.
Am ong these are the harvesting
of sea urchins and seaw eed,
and the cultivation of fish
and shellfish.

Gulf of Maine Fish Landings by W eight and Value, 1981 ■ 1988

Compiled from data collected by federal and state agencies

Y ea r

The rise in Canadian landings, by weight, since 1984 probably can be attributed to gaining exclusive access
to the Northeast Peak of Georges Bank after resolution of the international boundary dispute. The decrease in
U.S. landings reflects a decrease in groundfish stocks, as well as loss of access to the Northeast Peak. Value in
both countries has increased in response to high demand. The reason for the difference in value between
Canadian and U.S. catch is uncertain; it may reflect that the majority of Canadian fish is frozen while U.S.
fish is sold fresh. In addition, valuable shellfish species make a greater proportion of the total catch in the
U.S. than in Canada.

U.S. fish catch in the G ulf of
M aine region has d eclined during
the last decade. Landings of cod,
haddock, and flo un d er have experi
enced the greatest decline. U ntil a
recent price dow nturn, lim ited
supplies of these historically p o pu lar
groundfish species led to increased
prices. Shellfish landings by weight,
and to a certain degree by value, have
increased.
A lthough stocks of traditionally
fished species appear to be dw indling,
new m arkets have arisen for previously
underutilized species such as pollock,
hake, and cusk. Many new m arine re
source harvesting and cultivating ven
tures are being initiated. A m ong these
are the harvesting of sea urchins and
seaweed, and the cultivation o f fish
and shellfish.
T he sea urchin fishery in M aine has
grown over the last couple of years to
an estim ated annual value of two to
three m illion dollars (U.S.) in 1988.
Most sea urchins are harvested by
divers and exported to ja p a n w here
the roe is considered a delicacy.
In Nova Scotia, the seaweed harvest
tripled betw een 1985 and 1988,
grow ingfrom 15.4 m illion pounds
(7,000 m etric tons) to 55 m illion
pounds (25,000 m etric tons). Rockweed and Irish moss are processed into
thickeners for food and industrial uses.
It is likely that seaweed harvesting will

Gulf of Maine Aquaculture Harvest by W eight and Value of Selected Species, 1988
Salm on

Tro u t

M ussels

Quahogs

250 tons/225 mT 8,000 tons/7,200 mT $12.95 million (US)
$550,000 (US) $12.4 million (US) $15.97 million (C)
$676,5000 (C)
$15.3 million (C)

Mass.

N ew Ham pshire

Maine

O ysters

500 tons/450 mT
$5 million (US)
$6.2 million (C)

5 tons/4.5 mT
$40,000 (US)
$49,200 (C)

1,295 tons/1,166 mT
$740,000 (US)
$910,200 (C)

2 tons/1.8 mT
$5,500 (US)
$6,765 (C)

$5,500 (US)
$6,765 (C)

60 tons/54 mT
$180,000 (US)
$221,400 (C)

$5.96 million (US)
$7.38 million (C)
—

N ew B ru nsw ick

Nova Scotia

To ta l W eights

To ta l Value
(m illions)

3,850 tons/3,500 mT
$34.96 million (US)
$43 million (C)
30 tons/27 mT
$252,033 (US)
$310,000 (C)

$34.96 million (US)
$43 million (C)
215 tons/195 mT 1,650 tons/1,500 mT
$1.08 milion (US) $1.63 million (US)
$1.33 million (C)
$2 million (C)

4,380 tons/3,977 mT 220 tons/198 mT
$40.21 (US)
$49.5 (C)

$1.12 (US)
$1.38 (C)

55 tons/50 mT
$91,057 (US)
$112,000 (C)

2,945 tons2,666 mT 367 tons/331 mT
$2.37 (US)
$2.91 (C)

$3.05 million (US)
$3.75 million (C)

8,000/7,200 mT

$0.83 (US)
$1.02 (C)

$12.4 (US)
$15.3 (C)

$56.93 (US)
$70.1 (C)

Compiled from data collected by federal, state, and provincial agencies

expand into o th er areas of the G ulf
because these plants flourish
throu g h o u t the G u lfs expansive
rocky intertidal habitat.
A lthough a variety of fish and
shellfish rearing projects have been
attem pted in the G ulf region over the
last century, it was not until the 1970s
that m ore intensive efforts were
initiated. In the 1980s, the aquacul
ture industry has expanded greatly and
fu rth er grow th is projected in the next
decade. C urrently, there are aquacul
ture operations in all of the G ulfjurisdictions, raising prim arily Atlantic
salm on, rainbow trout, mussels,
oysters, and quahogs. T he culture of
sea scallops, bayscallops, halibut, and
bait worms is also being investigated.
Over 200 leases or grants have been
given to individuals or com panies to
raise finfish and shellfish in G ulf waters
or on the seabed.

R ecreational fishing is popular in
the G ulf of M aine and generates
significant econom ic activity. The
fishery in New Brunswick and Nova
Scotia is largely for A tlantic salmon
caught in coastal rivers. New B run
swick estim ates this fishery, along its
Bay o f Fundy shore, to be worth three
to five m illion C anadian dollars each
year.
In the New E ngland states there
were at least 9 m illion recreational
saltw ater fishing trips m ade in 1985.
These trips resulted in an estim ated
catch of m ore than six million fish in
M aine, one half m illion in New
H am pshire, and over 15 million in
M assachusetts. T he principal species
caught were m ackerel and cod, as well
as flounder, pollock, and bluefish.
M assachusetts estim ates that nearly
790,000 saltwater fisherm en spent $803
m illion (U.S.) in the state in 1987.

T ourism

Seaside resorts on Cape Cod, in New
H am pshire, so uth ern M aine, and Bar
H arb o r becam e p o p u lar in the m id
1800s, and were freq u en ted by the
wealthy fam ilies of Boston, New York,
and Philadelphia. T ransportation im
provem ents, particularly rail service
and later the construction of highways,
en abled m ore people to escape from
the cities to vacation along the coast.
C hanging socio-econom ic conditions
follow ing W orld W ar II led to in
creased leisure tim e and incom e - and
to mass tourism .
Today over a billion people com e to
the G ulf o f M aine coast each year to
enjoy the pristine environm ent, the
varied land and seascapes, the cultural
and historical attractions, and the
m any recreational opportunities the
G ulf has to offer. In 1988, approxiTHE GULF OF MAINE 23

Tourism Nova Scotia

Passenger ships are not as common as they once were; howeverfemes still provide a link to the mainland for the many island communities of the Gulf, as well as
between Nova Scotia and New Brunswick. Each year approximately 100,000 people travel by ferry between Canada and the U.S. The Scotia Prince, above, travels
between Portland, Maine and Yarmouth, Nova Scotia during the summer months. Cruise ships — a recent and growing addition to the tourist trade — made over
100 visits to Gulf ports in 1988.

Whale watching is a growing activity in the Gulf of Maine. Here a whale is spotted off Brier Island, Nova
Scotia. During 1986 more than 40 vessels carrying approximately 1 million persons cruised theJeffreys Ledge
and Stellwagen Bank areas in search of whales. Revenues in 1986from whale watching operations in the
southern Gulf of Maine are estimated at $16 million U.S.
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mately 4.5 m illion people visited
Acadia N ational Park in M aine, an
increase from 3.3 m illion visitors in
1980, m aking it the second m ost visited
national park in the U nited States.
Cape Cod N ational Seashore attracted
5.2 m illion visitors in 1988, up over
one m illion people since 1980. Fundy
N ational Park has held relatively
constant at betw een 650,000 to over
700,000 visitors over each of the last
ten years.
Second hom e developm ent is
increasing, as m ore people seek the
quality o f life provided by a hom e on
the coast. A lthough sum m er houses
have been com m on along the shores
of the G ulf for the last century, the
building boom o f the 1980s dram ati
cally increased the num ber of second
hom es betw een Cape Cod and m id
coast M aine.
T ourism is big business in the G ulf
of M aine; it is a m ajor contributor to
state and provincial econom ies.
T ourist dollars are an im portant

People are m oving to parts of the
Gulf region in unprecedented num 
bers. A recent forecast p redicts that
the m etropolitan area defined by
seacoast N e w Ham pshire and
southern Maine is one of four in the
U .S. that w ill double in population
betw een 1985 and 2005.

source of revenue to coastal towns,
many of which have shifted from
fishing-based to tourism -based econo
mies. T he tourism industry on Cape
Cod accou n ted fo r$ 1.5 billion (U.S.)
in 1985, rep resen ting 75% o f the
C ape’s econom y.

Q uality of life

The value o f the G ulf in term s of
enhancing the quality of life in the
region is nearly im possible to m easure,
but this factor is very im portant in
generating econom ic activity. People
like to live n ear the ocean. A recently
published survey of hom ebuyers in
M aine found that 73% p referred an
ocean view. Few people can afford to
live on the water, but many want to live
near the coast because they are
enam ored o f the character of the
region’s coastal fishing com m unities,
its w orkingw aterfronts, and the rural
areas w here open space and farm land
characterize the shorefront.
The reg io n ’s high quality o f life,
augm ented by its ties to the G ulf of
M aine, is a recognized asset. A recent
study by the Eastern M aine D evelop
m ent C orporation found that 69% of
the 400 chief executives they surveyed,
representing nearly 70% of the state’s
businesses, believed quality of life to be
the most significant advantage to a
Maine business location. People are
moving to parts of the G ulf region in
u n preced en ted num bers. A recent
forecast predicts that the m etropolitan

Joint ventures are a new trend in fish processing in the Gulf of Maine. American and Canadian vessels catch
fish that are offloaded onto foreign vessels. In recent years, Massachusetts and Canada have had processing
agreements with East Germany and the Soviet Union for herring. Since 1988, Maine has had processing
agreements with the Soviet Union for menhaden.

area defined by seacoast New H am p
shire and southern M aine is one of
four in the U.S. that will double in
population betw een 1985 and 2005.

S hipping

In the 1800s, ships carried salt cod,
lum ber, and granite from New Eng
land and the M aritim es across the G ulf
of M aine to destinations in o th er parts
of the U.S. and C anada, as well as to
foreign ports, bringing back sugar, tea,
and rum . A lthough the cargo has
diversified, shipping, particularly of
petroleum products, continues to be
an im portant use of the Gulf.

E nergy and mineral exploration

Over the last thirty years, there have
been a num ber of proposals to drill for
oil and gas in the G ulf region. In 1981
and 1982, five A m erican com panies
drilled eightw ells on G eorges Bank,
but oil and gas were not found in

exploitable quantities. However,
petroleum has been found n ear Sable
Island, Nova Scotia to the east o f the
Gulf. At present there is oil industry
interest in proceeding with oil and gas
exploration on both the U.S. and
C anadian parts of G eorges Bank, but
concerns about the potential environ
m ental im pacts of drilling operations
have slowed any specific plans. Re
source estim ates for the region have
varied enorm ously. The U.S. D epart
m ent of the In terior estim ates that a
portion of G eorges Bank may be
underlain by 20 m illion barrels o f oil
and 0.5 trillion cubic feet o f natural
gas. C anadian Oil and Gas Lands
A dm inistration estim ates for an
adjacent area are m uch g reater - one
to two billion barrels o f oil and five to
ten trillion cubic feet o f gas. T he G ulf
of M aine p ro p er has never been
considered a good prospect for oil and
gas, but some interest in the Bay of
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Tourist and residents enjoy one of the Gulfs many sandy beaches.
To u rism in the Gulf Of Maine

Tourist Expenditures

22.6 million (State)
2.11 million (coast)
6.3 million2
2.5 million

88,000+
53,500 (state)
$334.2 (coast)
57,600
$920 (coast)
19,200
$38 (Fundy region)
$280.9 (Fundy region) 12,900

(millions)

Tourists/Year

Massachusetts
New Hampshire
Maine
New Brunswick
Nova Scotia

Direct+Indirect
#Jobs

# Non-resident

1.2 million3

$4,210 1

1. Includes Barnstable County, Middlesex County, and Boston/Cambridge area; state total for direct
tourist expenditures was $6.2 billion in 1987.
2. State total, August 1984-July 1985.
3. May- October only (province total, non-residents).
Sources: Massachusetts Departm ent of Tourism; Boston Globe, May 1987; University of New Hampshire,
Department of Leisure M anagement & Tourism; Maine Department of Tourism; New Brunswick Tourism
Statistics Manual; Nova Scotia Departm ent of Tourism & Culture.

Cargo Tra ffic in the Major Ports in the Gulf of Maine
To ta l C argo (Im ports + Exports)

million short tons (metric tons)

Boston
Portsmouth
Maine1
Saint John

Petroleum &
Fuel Oils
18.4 (16.7)

% of Total
87%

Dry Cargo
2.7 (2.5)

1.5 (1.3)
11.1 (10.1)
12.6 (11.4)

43%
93%
77%

2.0 ( 1.8)
0.86 (0.78)
3.9 (3.5)

Total
21.1 (19.2)
3.5 (3.1)
12.0 (11.0)
16.4 (14.9)

1. Maine ports include Portland, Searsport, Eastport, W interport, and Bucksport. Portland handles the
dom inant share of petroleum cargo traffic; Searsport and Bucksport have lesser roles.
Sources; U.S. Army Corps of Engineers; Maine DOT; Massport, Boston; Saint John Port Authority;
Statistics Canada.
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Fundy has been expressed recen tly .
Extensive sand and gravel deposits
lie on the seabed of the G ulf o f M aine.
To date, no m ining has taken place,
but it is likely that in the future it will
becom e econom ically favorable to
exploit these offshore resources.

T idal power

T he pilot facility at A nnapolis Royal,
Nova Scotia is one of three tidal pow er
stations currently in o p eration w orld
wide, generating 17.8 m egawatts of
electricity. Tidal pow er facilities have
been considered at o th er sites on the
Bay of Fundy as well, b ut several envi
ronm ental, econom ic, and political
issues rem ain to be resolved before
construction proceeds.

W aste disposal

T he G ulf of M aine is also valued for its
ability to assim ilate o u r w astes-sewage,
industrial effluent, air pollutants, and
urb an and o th er runoff. Q uantifying
that value is currently next to impossible.
Over the years, society has often
found that ocean disposal is a sim ple
and apparently econom ical way to get
rid of wastes, but the true cost of
disposal, including the loss of o th er
valued uses that are p reclu d ed by waste
disposal, is rarely calculated. A low
sewer bill m ayrep resen teco no m ic
efficiency from the perspective of the
sewage treatm en t p lant op erato r, but if
shellfish harvesting is severely lim ited

Chris Ayres

Ship and boat building and repair are an important activity on the Gulfs waterfront; use of the Gulfs resources drives demand for these services. Bath Iron Works, a
federal defense contractor, is Maine's largest private employer. The vast majority of the region's facilities are much smaller operations, many of which are feeling pressure to
sell to developers planning to construct non-water dependent projects such as homes and restaurants.

by bacterial pollution from the sewage
treatm ent plant, the cost to society is
not reflected in that bill.
For exam ple, in a recen t study
evaluating the true cost of sewage
disposal in the Ipswich and
Newburyport area of M assachusetts,
the costofallow ing co n tin u ed sewage
discharges was estim ated at $700,000
(U.S.), equal to the benefits to the
com m unity of a harvestable shellfish
resource. Estim ates for rem oving the
discharges were $200,000. In such
cases, it is m ore efficient for society to
clean up the discharges and produce
additional benefits from a clam fishery
than it is to m aintain low sewage
disposal costs by providing inadequate
treatm ent.
It is possible to co n d uct this kind of
analysis for relatively discrete situations
- one bay, one form o f pollution. W hen
it comes to a water body the size and
com plexity of the G ulf of M aine, which
has experienced longterm chronic and
cumulative stress from hum an activi
ties, such cost-benefit assessm ents are
noteasily com pleted.

C o n c l u sio n

Putting a total price on the value of the
G ulf is essentially unfeasible; by con
ventional analysis it w ould probably be
m easured in billions of dollars. But, in
an o th er sense, the G ulf is literally in
valuable. M ore than a collection of
com m odities and services, it is an
ecosystem with a life of its own,
integrally connected to our quality of
life.
The econom ics of the G ulf are
constantly changing. As we en ter the
1990s, com m ercial fishing is facing
shrinking stocks and com petition over
access to w aterfront facilities. Ship and
boat building and rep air are being
threaten ed by the high price of
w aterfront property. D em and for new
and com peting uses o f the w aterfront,
such as for hom es and restaurants, is
generated by the reg io n ’s relatively
high quality of life and is affecting the
traditional balance of econom ic
activity in the G ulf region as well as its
environm ental quality. T he change in
land use p atterns is m ore intense along
the G u lfs southw estern shore and
has been spreading to the east.

A lthough uses of the G ulf and their
relative value are evolving, nearly all
d ep en d upon environm ental integ
rity as a necessary prerequisite for
viability. Fishing, including the
prom ising new aquaculture
industry, is m ost d ep en d en t on a
pristine environm ent. T he high
quality of life in the region, a heritage
that is treasured by long-tim e inhabi
tants and that also attracts tourists and
new residents, is tied to the availability
and abundance o f natural resources.
C hanging land use patterns throu g h 
out the region have u n certain eco
nom ic and environm ental im plica
tions. Even though m any uses are
d ep en d en t on a healthy environm ent,
all of the uses discussed above involve
potential or certain environm ental
risks. These risks are discussed in the
next chapter.
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Stresses on the G ulf
C H A P TE R TH R E E

UMAN USE OF THE GULF

o f M aine and the land
th at surrounds it puts
stress on the m arine environm ent by
altering habitat, introducing contam i
nants, and influ en cin g po p u lad on
dynamics. Stress has escalated as use
of both land and w ater has intensi
fied. T he stresses discussed in this
chapter include the physical altera
tion of coastal land; “n o np o in t
sources” o f pollution, including small,
dispersed sources and all kinds of
runoff; “p o in t sources” including in
dustrial, sewage, and o th er large
volume discharges; ocean dum ping;
accidental spills; offshore oil and gas
exploration; and the harvesting of
m arine resources.
Land use p atterns on the shores of
the G ulf o f M aine have been strongly
influenced by econom ic forces and
natural resource conditions. H istori
cally, industries were oriented towards
the natural resources - fishing, agri
culture, tim ber, q u arry ing -and de
p ended on coastal waters for transpor
tation and shipping. Rivers flowing
into the G ulf provided pow er to run
lum ber, grain, and textile mills.
U rban areas were concentrated
around m ajor ports such as Boston,
Portsm outh, Portland, and Saint
John, while the rem ainingcoastline
was intersp ersed by small fishing and
farm ing com m unities. T ransporta
tion im provem ents in the 1950s
altered the traditional developm ent
Bob M oore

patterns, as highways and autom obiles
facilitated urban expansion and
suburban sprawl along the G u lfs
southwest shore.
T he population o f the G ulf region
is grow ing approxim ately twice as fast
in the states as in the provinces.
Growth rates forl980-1986 vary from
17% in Rockingham County, New
H am pshire to a net population loss in
C um berland County, NovaScotia. In
1986, population in the reg io n ’s
coastal counties was approxim ately
95,000 in Nova Scotia, 134,000 in New
Brunswick, 320,000 in M aine, 167,000
in N ew H am pshire, and 3,877,000

m illion in M assachusetts, for a Gulf
wide population o f4,593,000.
R ecent population and econom ic
grow th has dram atically changed the
types and intensities o f land use in
parts o f the G ulf region. In general,
the am o u n t of land that has been
developed in the past thirty years is
m uch g reater along the southw estern
part o f the G ulf coast than in the
northeast part. Typically, agricultural
land has been lost while the
am ou n t o f forested land has
rem ained relatively stable and devel
o ped land has increased.
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M ost rivers con trib ute significantly to the pollutant load of

Peter R alston/Island Institute

coastal w aters; it is estim ated that the M errim ack River's
contribution of m etals to M assachusetts Bay m ay be off the
same m agnitude as the Boston Harbor sew age outfall.

One of the numerous paper mills located on the rivers flowing into the Gulf In the last twenty years, sizable reductions have been made
in levels of biological oxygen demand and suspended solids in mill discharges. Metals and organic compounds are also discharged by
paper and pulp mills.

Lead in Boothbay Harbor Attributed to Nonpoint Sources
Boothbay H arbor, M aine was
chosen as a “control site” by the
N ational M arine Fisheries Service in
a survey o f m etals in organism s and
sedim ents of A tlantic coastal waters
of the U.S. in 1982. Surprisingly,
lead levels in Boothbay H arbor
crabs ranked second highest of all
the study sites, with levels as high as
in organism s from New York City
and Philadelphia. F urther study of
historic activity in this small, resort
town with a year ro u n d population
of 2,300 show ed that n eith er the
tow n’s sewage treatm en t plant, n o r
any intensive industrial activity were
the source o f the lead. Probably
urb an ru n o ff w ashed the lead from
autom obile exhausts and crankcase
oil drippings into the harbor. In
July and August, over 5,000 cars per
day pass throu g h Boothbay I larbor.
Lead-laden paint chips and sand
blasting waste from several
boatyards may also have contrib
uted to the lead load.
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Fisheries and Oceans Canada

Fish processing plants, like this one in Nova Scotia,
are common along the Gulf coast. Effluents from
these plants discharge substantial loadings of oxygen
demanding matter, suspended solids, oil and grease,
fecal bacteria, and certain organic and inorganic
compounds. Often, the problem of odors and flies
around these operations, especially fish meal plants,
receives more com munity response than the problem
of effluent discharges, which are usually considered
only to have localized impact on water quality.

waters. A nationw ide survey o f pesti
cide use in the estuarine drainage
areas of the U.S. found that lands
draining into New E ngland estuaries
have low pesticide use, less than 200
pounds applied per square mile p er
year, as com pared to C hesapeake Bay,
where 1,500 pounds are applied per
square mile per year. However, like
other nonpoint sources, agricultural
and forestry ru n o ff has n o t been well
quantified in the region, but it may be
im portant given the large area of forest
and agricultural land that drains into
the G ulf of M aine.

In addition to ru n o ff that carries
residues from the application of
pesticides, accidental spills and leaks,
as well as im proper storage, handling
and disposal also contribute pesticides
to the w atersheds of the Gulf.
Failing and inadequate residential
septic systems introduce nitrogen,
phosphorous, chlorine, viruses, and
bacteria into coastal waters. A lthough
there are many o th er sources of
bacteria, including m unicipal sewage
systems, com bined sewer overflows,
runoff, wildlife, and boats, assessm ents
o f the relative contributions o f differ-

en t sources have found hom e systems
to be significant contributors o f bacte
ria to certain areas. A ttem pts have
been m ade to clean up or elim inate
the discharge of u n treated sewage
from hom es in all of the G ulfjurisdictions, but problem s persist. Illegal
“straight pipes” still exist th ro u g h o u t
the region. In M aine, 3,000 residential
discharges have been perm itted; it is
estim ated that only one h alf o f them
function properly at any given tim e
and that nearly all fail at som e point.
Many of the pollution sources
discussed thus far have been landbased, but there are also m any waterbased sources. Boating and shipping
activities contribute bacteria and
nutrients, oily wastes, debris, and lead,
copper, and tributyl tin from bottom
paints to the G u lfs p o llu tant load. As
recreational boating activity in the
region has increased, the overboard
discharge of sewage in congested
harbors and p opular cruising an ch o r
ages has becom e a concern, especially
in areas with com m ercial shellfish
beds.
Oily bilge w ater is often discharged
from vessels delivering oil and o th er
cargo to and from the reg io n ’s ports.
A lthough U.S. and C anadian law and
an international treaty now restrict the
am ount o f petroleum that can be
discharged with bilge water, lack of
enforcem ent makes it likely th at som e
petroleum still reaches G ulf waters
from this source.
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M ost sew age treatm ent plants
are designed prim arily to treat the
oxygen-dem anding organic load
and bacterial and viral pollutants
in dom estic w a ste w ate r; they are

Massachusetts W ater Resouces Authority

not designed to handle com plex
industrial effluents.

T he abundance of beach- and boat
generated debris floating in the G ulf
and washing up on shore is a growing
concern because it is unsightly, poses a
danger to wildlife, and can be a hazard
to m ariners. T he m agnitude of this
problem was m ade evident in 1988
when volunteers collected an average
of 233 pounds of trash p er mile (66
kg/km ) from the shorelines of M aine
and M assachusetts. O ver 40% of the
trash was plastic, w hich degrades very
slowly. Efforts are being m ade in
C anada and the U.S., as well as by
international treaty, to regulate the
dum ping of ship-generated garbage
at sea.
R unoff from boatyards and m arinas,
and leachate from creosoted pilings
and boat hull paint, co n trib u te
hydrocarbons, lead, copper, and
tributyl tin to the m arine environm ent.
H ull paints containing tributyl tin are
regulated, but n o t yet elim inated in
the G ulf region. T hese paints are
designed to retard the grow th of
organism s that foul boat bottom s, but
they can affect non-target organism s as
well.
Over 90 combined sewer overflows (CSOs) contribute significant volumes of raw sewage to Boston Harbor.

Industrial discharges

W hile pulp and p ap er mills and fish
processing plants are the prim ary
industrial dischargers to the G ulf from
Canada, there are a g reater variety of
industrial operations discharging into
the U.S. waters of the Gulf. These
include tanneries, textile mills, m etal
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The risk of oil spills from tankers and barges increases when vessels are in port and during transfer operations.

fabricating and finishing operations,
and chem ical, plastics, rubber, elec
tronics, and equipm ent m anufacturing
plants. Many industrial plants have
cleaned up their waste stream s during
the last twenty years, in response to
public pressure and governm ent regu
lation, but they still discharge, legally,
a wide array of m etals, petroleum
hydrocarbons, and o th er toxic con
tam inants. T here are an estim ated
several h u n d red industries that pum p
waste directly into the coastal waters of
the Gulf, but the vast m ajority of
industrial effluent in the U.S. flows
into m unicipal sewage treatm ent
systems. A pproxim ately 6,000 indus
tries in the g reater Boston area send
theirw astes to the sewage treatm ent fa
cilities at D eer and N ut Islands in
Boston H arbor. It is estim ated that
each day over a ton o f toxics is dis
charged into Boston H arbor from
these two facilities alone. M ost sewage
treatm ent plants are designed prim ar
ily to treat the oxygen-dem anding
organic load and bacterial and viral
pollutants in dom estic wastewater; they
are not designed to handle com plex
industrial effluents.
Pulp and p ap er mills are one o f the
prim ary kinds o f industrial operations
discharging effluent into G ulf waters.
Historically, pulp and p ap er mill
effluent has been characterized by
high biological oxygen dem and
(BOD) levels, which depletes dissolved
oxygen in w ater, and high levels of

suspended solids (SS) that settle out to
form sludge beds and disrupt benthic
habitat. In the last twenty years, sizable
reductions have been m ade in levels of
these “conventional” pollutants in mill
discharges. For exam ple, between
1972 and 1982, p o in t source pollution
on the S ain tjo h n River, w here there
are five mills, was reduced by 88% in
term s of BOD loading, and by 82% in
term s of SS discharged.
In addition to BOD and SS, chro
m ium , copper, lead, m ercury, and zinc
are typically found in effluent from
pulp and p aper mills. C oncern has
been expressed in the last decade that
the use of chlorine in pidp bleaching
has resulted in discharge of as many as
9,000 chlorinated organic com pounds;
some, such as dioxin and furan, are
am ong the m ost toxic com pounds
known.

S ewage treatment

Like control of industrial discharges,
sewage treatm en t has been im proved
and expanded in recent decades. In
New E ngland, m ost m unicipal sewage
receives prim ary treatm ent, and m uch
secondary. In the provinces, many
small com m unities have sewage
treatm ent systems, while m any larger
cities, inclu d ing S aintJo h n, have
collection systems that provide little or
no treatm ent. In 1985, approxim ately
55% of the population of the Atlantic
provinces was served by sewers, but
only 20% o f the wastew ater was

treated; wastes g en erated by about
788,000 people w ere discharged
w ithout treatm ent.
A lthough the m ajority of the
population of the G ulf is serviced by
sewer systems, the volum e of sewage
received by m any treatm en t plants is in
excess of their designed capacity.
Some plants, especially the facilities in
the Boston area, are an tiq u ated and
cannot properly handle the dem ands
placed on the system. In Boston and
Salem, M assachusetts sewage treatm ent
plants separate o ut sludge, but then
discharge it into the ocean at high
tide, an ineffective process at best.
In m any areas, storm drains are
connected to sanitary sewers, causing
sewage treatm en t systems to becom e
overloaded after rainstorm s. This
results in raw sewage being discharged
into the G ulf through storm drains
known as “com bined sewer overflows”
(CSOs). CSOs in Boston and Port
land, as well as alm ost every sm aller
sewage district, discharge large
am ounts of n u trien ts and bacteria
from sanitary wastes, m etals and toxics
from industrial waste, and metals, oil,
and o th er hydrocarbons from street
runoff.
Most sewage treatm en t plants
disinfect their effluentw ith chlorine,
but the discharge o f chlorine is a
grow ing concern because o f its
potential toxic effects on m arine
organisms.
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Numerous environmental safeguards were required during exploratory drilling by the
Alaskan Star and other vessels on Georges Bank in 1981 and 1982.

Nova Scotia

P ower plants

Pollution in Rural Annapolis Valley
A long the C anadian shore of the
Gulf, n o n p o in t source pollution is
generally less o f a concern because
land is n o t being developed as
rapidly as in the New England states.
However, pollution problem s in the
A nnapolis Valley estuary in Nova
Scotia dem onstrate that in rural
areas m any sm aller pollution
sources can have a cum ulative
im pact, particularly on an enclosed
bay. D ischarges from poorly func
tioning sewage treatm ent plants and
ru n o ff from agricultural activities,
including num erous livestock
operations, are contributing to
36 THE GULF OF MAINE

bacterial contam ination and n utrient
and pesticide loadings in the estuary.
Problem s associated with pesticides
and groundw ater contam ination are
also being exam ined at selected sites
in the Valley. T he presence of con
tam inants throu g h o u t the Valley has
restricted the use o f its waters for
fishing, swimming, and drinking.
In 1989 the A nnapolisV alley
A ffiliated Boards of T rade decided to
undertake a cooperative venture
involving both those interests causing
and affected by contam ination and
directed at resolution of some of the
pollution problem s.

T h ere are num erous coal, oil, and
nu clear pow er plants, as well as one
tidal pow er facility, along the G ulf of
M aine coast. These facilities are not
m ajor contributors of pollutants to the
m arine environm ent, but cooling
waters, used in all but the tidal pow er
facility, cause therm al pollution and
resulting localized im pacts. Cooling
w aters can contain elevated levels of
m etals, contributing to the total
co n tam in an t load in the Gulf. T he
pollutants contained in air em issions
from these facilities may ultim ately
reach the waters of the G ulf of M aine.
PAHs from the b u rn in g of coal and oil
reach the G ulf through precipitation
and runoff. S ulphur dioxide em issions
are a leading cause of acid rain.
T he stresses caused by the tidal
pow er facility at A nnapolis, Nova
Scotia do n o t result from any dis
charge, but from the alteration o f tidal
currents. L arger tidal pow er projects
pro p osed for the u p p er Bay of Fundy
could significantly increase tidal range
th ro u g h o u t m uch of the Gulf. Result
ing changes in currents, tem perature,
and u p lan d flooding w ould have a
significant effect on the G ulf ecosys
tem.

O cean disposal

O cean disposal of wastes are regulated
in C anada and the U.S. and by in tern a
tional convention. At present, the vast
m ajority o f ocean disposal in the G ulf

More U.S. and Canadian fishermen than ever are plying the Gulfs waters in search
of fish. These boats are tied up in a Nova Scotia harbor.

region is of d red g ed m aterials. D redg
ing is u n d ertak en to im prove and
m aintain navigation channels and
m o o rin g areasfo rco m m ercial and
recreational boats. A large m ainte
nance d redging project in Portland
H arbor deposited nearly 1.1 m illion
cubic yards (840,000 cubic m eters) of
dredge spoils in the G ulf in 1980, a
substantial am ount of the total 2.3
m illion cubic yards (1.75 cubic m eters)
dredged by the U.S. Army Corps of
E ngineers in M aine betw een 1950 and
1981. T h ere are four m ajor disposal
sites in the New England region of the
Gulf. Disposal perm its for small proj
ects have been g ranted for o th er areas
on a one-tim e-only basis.
C anadian dredging projects in the
G ulf region average less than 26,000
cubic yards (20,000 cubic m eters), and
m aintenance projects occur less
frequently than in New England, due
to different oceanographic and
sedim entation characteristics. Saint
Jo hn H arb o u r is the only area that
requires annual m aintenance dredging
(averaging 500,000 cubic m eters per
year) due to siltation from the Saint
Jo hn River. Disposal sites are not used
for m ore than one year at a tim e,
resulting in a large num ber of small
disposal areas scattered throughout
Canadian waters. Studies conducted
on m aterial d red g ed from Saint John
H arbour have indicated m inim al
contam ination.

Both dredging and dum ping o f the
spoils can put stress on the m arine
ecosystem . Pollution can be spread by
moving sedim ents contam inated with
PAHs, PCBs, and metals from harbors
and bays to clean, open ocean areas.
Pollutants sequestered in bottom
sedim ents can be released from the
sedim ents when they are disturbed or
exposed by dredging activity. B ottom 
dwelling com m unities are tem porarily,
and som etim es perm anently, destroyed
both in the area that is being dredged
and in the area w here the dredged
m aterial is disposed. D redging can
also cause increased erosion of coastal
land because it disrupts natural
sedim entary processes.

O il spills

M ore oil enters the m arine environ
m ent than any o th er toxic contam i
nant. M arine transportation is
responsible for 46% of the worldwide
inp u t o f oil into the oceans. Only 29%
o f this input is from accidental spills;
the m ajority o f the input is from the
chronic discharge of oil from vessel
and p o rt operations. However, acci
dental oil spills are a longstanding
public concern because of their
catastrophic im pact on the m arine en 
vironm ent.
A n u m b er of oil spills have occurred
in the last three decades in the G ulf
region. In addition to the huge spill of
7.6 m illion gallons (28.9 m illion liters)
from the Argo Merchant o ff Cape Cod

in 1976, in the past twenty years several
large spills ranging from 200,000 to
well over 600,000 gallons (0.8 to 2.3
m illion liters) have occurred in New
H am pshire and M aine - particularly in
Portsm outh and Portland H arbors.
S ain tjo h n experienced a m ajor spill in
the early 1970s, prom pting an agree
m ent betw een the U.S. and C anadian
Coast G uards to cooperate in oil spill
cleanups in the G ulf region.
T he two federal governm ents have
recognized that m any oil and chem ical
spills can be prevented through
training, vessel inspections, construc
tion and equipm ent standards, and
traffic regulations and guidelines that
prevent collisions and groundings.
R egulations are also in place to reduce
operational discharges of oil. How
ever, the experience from recent spills,
th e Exxon Valdez in Alaska in particular,
has shown that, despite efforts to
m inim ize the risk of an accident, such
risk cannot be com pletely elim inated.

E nergy and mineral exploration

T h ere is no ongoing exploration for
energy or m ineral resources in the
Gidf, although it has occurred in the
past and will most likely occur again in
the future. The potential im pacts of
offshore oil and gas exploration
include: loss of access by fisherm en to
the seabed and waters aro u n d a
drilling operation; dam age to fishing
gear from debrisjettisoned overboard
from a drilling rig or supply vessel; and
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H arvesting effort by U .S. and

Portland Press Herald

Canadian fisherm en in the Gulf of
M aine has doubled since 1977.

Some of the region's fish stocks are at record low levels.

adverse effects on the m arine environ
m ent from ro u tin e discharges or oil
spills. Oil and gas developm ent and
production activities result in chronic
discharges o f petroleum hydrocarbons
throu g h o u t the life of the field. The
potential for these activities to have an
im pact has been red u ced by govern
m ent regulation and industry coopera
tion in both C anada and the U.S.
The potential environm ental
im pacts of offshore sand and gravel
m ining in the region has n ot been
studied extensively. Initial environ
m ental concerns focus on the disrup
tion of benthic h ab itat by dredging
operations and the effects on m arine
organism s of suspended m atter settling
on the seafloor.

H arvesting of fishery resources

Possible effects of aquaculture operations relate to the deposition of fecal matter and
waste food beneath the pens; the depletion of dissoved oxygen levels; nutrient
eniichment; and the introduction of antibiotics and hormones into the water column.
Careful selection of pen sites reduces the potential for stress.

Intensive levels of fish harvesting effort
have taxed the ability of com m ercial
stocks in the G ulf to sustain them 
selves. In the 1960s and 1970s intensive
fishing in the G ulf by fleets from oth er
countries d ep leted stocks. The
cutback on foreign fishing in the
region in 1977 provided the stocks
with only tem porary relief. Harvesting
effort by U.S. and C anadian fisherm en
in the G ulf of M aine has doubled since
1977. For exam ple, the num b er of
New England-based o tter trawlers,
doubled betw een 1976and 1984. For
many species o f fish, stocks in the G ulf
and on G eorges Bank are now at
record low levels.

Th e Maine Geological Survey estim ates
that mean sea level w ill rise by 1.6 to
2.4 feet (48 to 72 ce ntim e te rs) in Port
land, and 2.3 to 4.8 feet (6 9 to 144
centim eters) at Eastport, M aine in Passam aquoddy Bay over the next century.

Extensive efforts are being m ade in
the G ulf region, som e of them coop
eratively am ong the U.S. and C anadian
governm ents and fisherm en, to
im prove fish harvesting technology so
that it selectively harvests the species
and size o f anim al desired w ithout
dam aging younger fish, o th er species,
and bottom habitat, a longstanding
concern. For exam ple, lobster traps
now have escape vents that allow the
release of undersized lobsters. Shrim p
fisherm en from New E ngland have
begun use o f a special separator trawl
net in the spring to m inim ize the
nu m b er ofjuvenile fish, especially
flounder, that are caught and thereby
killed. O ngoing U .S ./C anada coop
erative research to im prove the
selectivity o f gear used to catch
groundfish involves experim enting
with different net m esh sizes, shapes,
and colors.
Relative to o th er parts of the w orld,
the killing, injuring, or entangling of
m arine m am m als, birds, and turtles in
fishing gear occurs infrequently in the
Gulf. However, the U.S. governm ent
has im posed new reporting req u ire
m ents on the groundfish and m ackerel
fisheries in the G ulf o f M aine because
their incidental take of m arine
m am m als may be high eno u gh to be of
concern.
A quaculture is a relatively new
activity in the G ulf of M aine, and any
stress it m ight p ut on the waters and
oth er uses o f the G ulf are not yet well

u

Important wetland functions are being disrupted by small-scale, incremental coastal development.

docum ented. Possible effects relate to:
the deposition o f fecal m atter and
waste food beneath the pens; the
depletion of dissolved oxygen levels;
n utrient enrichm ent; the introduction
of antibiotics and horm ones into the
w ater colum n; the intro d u ctio n of nonindigenous fish; and the spread of viral
and bacterial diseases from hatcheries
to coastal waters. Careful selection of
pen sites in areas w here th ere is
adequate circulation and flushing, and
avoidance of shallow, constricted
em baym ents may reduce these p o ten 
tial problem s.

S ea level rise

Scientists p red ictrap id and u n p rece
den ted changes in the e a rth ’s clim ate
due to pollution-induced changes in
the com position of atm ospheric gases.
Average tem peratures are predicted to
rise by 0.5 degrees F. (0.3 degrees C.)
p er decade, 10 to 50 tim es faster than
anything in recorded history. T he
“greenhouse effect” has m ajor im plica
tions for the G ulf of M aine. Global
w arm ingw ill cause seaw ater to expand
and thus sea level will rise. T he M aine
Geological Survey estim ates that m ean
sea level will rise by 1.6 to 2.4 feet (48

to 72 centim eters) in P ortland, an d 2.3
to 4.8 feet (69 to 144 centim eters) at
Eastport, M aine in Passam aquoddy Bay
over the next century. W arm er tem 
peratures could affect the G ulf of
M aine fisheries by m aking the G ulf a
less suitable habitat for cold w ater
species.

C onclusion

Despite successful efforts d u rin g the
last two decades to m inim ize som e of
the m ajor stresses on the Gulf, m any
sm aller, dispersed activities are having a
cum ulative im pact on the ecosystem .
Sewage and industrial treatm en t have
been widely installed or u p g rad ed , but
contam inants reaching the G ulf
from n o npoint sources are largely
unchecked; large scale developm ent of
w etlands and beaches has been lim ited
by regulation, but im p o rtan t w etland
functions are being d isru p ted by smallscale, increm ental coastal developm ent;
most foreign fish processing ships have
been excluded from G ulf w aters, but
effort by U.S. and C anadian fisherm en
has doubled during the last ten years.
The challenge o f the 1990s is to address
these sources of stress, as well as to
continue to elim inate p o in t sources.
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New Hampshire Office of State

The tidal power plant that currently operates on the Annapolis River in
Nova Scotia has affected local current patterns, caused upstream riverbank
erosion, killed fish passing through the turbines, altered the natural
deposition of sediments, and influenced the soft shell clam fishery in the
Annapolis Basin.

Loss of Eel Grass Beds
Affects Productivity
in Great Bay
T he loss of eel grass beds in New
H am psh ire’s G reat Bay has been
linked to pollution from the sur
ro u n d in g areas, and from a natural
wasting disease. W ithout the eel
grass to trap soil particles and
an ch o r the estuarine substrate, m any
acres o f shellfish beds have been
b u ried by shifting sedim ents. T he
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populations o f small fish and o th er
organism s that form the bottom of
the aquatic food chain have declined,
resulting in a less diverse and
productive estuarine ecosystem. The
annual econom ic benefit of healthy
eel grass beds has been estim ated at
$71 m illion (U.S.).

with sedim ents, however, such data do
not provide inform ation on the im pact
of contam inants.
Mussels from three Boston H arbor
stations were am ong the m ost contam i
nated, in term s of PAHs, in a n atio n 
wide “m ussel w atch” program .
In 1984, Casco Bay reco rd ed the
highest levels of lead, the third highest
levels of silver, and the fifth highest
level of zinc in fish livers in a survey of
contam inants in U nited States fish.
Elevated m etal concentrationsw ere
detected in mussels from Penobscot
Bay in the late 1970s, and again in the
late 1980s.
Evidence o f metals in fish tissues
can be m isleading. Scallops collected
from Browns Bank, w here sedim ents
revealed no contam ination, had higher
levels of cadm ium in th eir tissues than
scallops from a highly im pacted site.
This p h en om en o n may be explained
by differing nutritional conditions,
rath er than anthropogenic sources of
the metal.
In 1984, years after a n ear total ban
on the use of DDT in N orth A m erica,
livers of fish sam pled in Boston and
Salem H arbors contained significant
concentrations of DDE, the prim ary
form of DDT in environm ental
samples. Boston H arbor sam ples
contained nearly twice the level of
pesticides found in any o th er site in
the U nited States.
PCBs, also ban n ed in N orth A m er
ica, are found in tissues at concentra-

Flis Schauffler

Since use of the pesticide DD I was banned in the 1970 s, the osprey population of the Gulf has increased. Bald eagles are also re-establishing themselves, especially in
the Passamaquoddy Bay area.

tions g reater than those o f chlorinated
pesticides by an o rd e r of m agnitude or
m ore. D eclines in the levels of PCB in
the eggs o f seabirds have been evident
since 1972. This sam e decreasing trend
was n oted even n ear highly contam i
nated sites in M assachusetts. The
reverse tren d was observed in mussel
tissues from Penobscot Bay. Levels of
PCBs in m ussels taken from Sears Island
in 1986 were m ore than twice the level
of those taken at the sam e site ten years
earlier. Elevated concen tratio n s of
PCBs have been m easured in lobster
and flo un d er from Q uincy Bay, in
Massachusetts.
C hlorinated dioxins are relatively
insoluble and collect in fatty tissue.
Elevated levels of ch lorin ated dioxins
have been d etected in fish from the An
droscoggin River an d in h errin g gull
eggs from the Bay o f Fundy.
DDT, D ieldrin, and o th er pesticides
have been d etected in the eggs of
seabirds from C anadian nesting colo
nies. Since these birds feed over wide
ranges of the G ulf an d are n ear the top
of the food chain, pesticide levels in
their tissues m ost likely represen t Gulf
wide trends rath er than local conditions
in the vicinity of the colonies.

E xcess nutrients

N utrients are vital for plant growth; the
availability of nitrogen a n d /o r phospho
rus is often a lim iting factor in the
production o f p lant m atter in the
ocean. However, excess nutrients can
lead to disruption of the plankton
com m unity and w ater quality problem s
w hen algal “bloom s” clog waters and
result in oxygen depletion. The G ulf of
M aine is well flushed and has, to date,
experienced few problem s with excess
nutrients, or eutrophication. As coastal
populations grow and ever greater
am ounts of nutrient-rich sewage are dis
charged to m arine waters, the risk of
w ater quality problem s grows, particu
larly in em baym ents w here flushing and
currents are restricted. Eutrophication
may play a role in the incidence of toxic
“tides,” including red tide, which result
in the closure of thousands of acres of
clam flats each sum m er.
In 1988, a bloom o f a toxic m arine
alga, Gymnodiniumnagasakiense, in the
u p per reaches of Casco Bay caused a
m ajor die-off o f lobsters, clams, worms,
and o th er benthic organism s. W hile
n u trien t ru n o ff has been blam ed for the
bloom , few data exist to substantiate the
claim.

Fish culture may con trib u te to
eutrophication. Poorly sited farms
have resulted in the sm othering of
bottom dwelling organism s by settling
organic m atter, reduced dissolved
oxygen levels, and n u trien t en rich 
ment.

H abitat loss and impairment

W etlands can p ro d uce m ore organic
m atterth an theyconsum e; theysupply
vital nutrients to adjacent coastal
waters. O th erw etlan d functions which
can be lost to filling or dredging
include filtering of pollutants, flood
storage, and shoreline protection.
W etland loss also affects the wide
variety of wildlife that depends upon
salt m arshes, beaches, and o th er
w etlands for vital nesting and feeding
habitat. G ulf populations o f least
terns, piping plovers, and o th er birds
are threaten ed by encroaching
developm ent. O nly 300 pairs of piping
plovers rem ain in the G ulf o f M aine;
alm ost half o f the w orldwide p o pula
tion.
A recent study o f the rig ht whale
rep o rted that 35% o f rig ht whale
deaths resulted from collisions with
vessels and en tan glem en t with fishing
gear. A lthough m arine m am m als are
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W hile overharvesting m ay be the
greatest factor in the decline of
fish stocks in the Gulf of Maine,
the cum ulative im pact of pollution
and habitat loss is m ost likely
taking its toll as w ell.

Tourism New

Human Activities have
Cumulative Impact on
Saint John Fishery
E nvironm ental quality in Saint
John H arbour may be an ex
am ple of the cum ulative effects
o f avariety o fan throp o g en ic
stresses. A declining fishery
originally led some to blam e ex
tensive dredging for the loss.
L ater, it becam e clear that
dredging alone was not respon
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sible. N atural processes, acceler
ated by onshore developm ent; the
grow th o f Saint J o h n ’s pulp, paper,
fishing, and refining industries;
causeway and w harf construction
an d disposal of u ntreated sewage
m ost likely all contributed to the
d ecline o f the fishery in question.

fleets exploited a broad array of
species on the Bank. Stocks recovered
briefly w hen the efforts of distant water
fleets were restricted in 1977; however,
an increase in U.S. and C anadian fish
ing effort has lead to a second decline.
Dogfish and skates now rep resen t
about 70% o f the total G eorges Bank
finfish biomass.
Along with the changes in biom ass
and species com position there have
been changes in the age structure of
various finfish stocks in the G ulf of
M aine. A striking exam ple of the
change in age structure is the witch
flounder. In 1980, there were fish as
old as 22 years; by 1985, the oldest fish
were 20 and there w ere no three year
olds; in 1987, the age classes only
included fish from 5 to 18 years old.
E xploitation can also lead to the
replacem ent of one species by another.
For exam ple, the increase in the sand
launce population, evident in recent
years, may have been m ade possible
because its m ore efficient com petitors

This juvenile Atlantic sturgeon, ensnared in plastic debris, was caught in the
Kennebec River, Maine.

a n d /o r p redators (herring and m ack
erel) were decim ated by the distant
water fleets d uring the 1960s.

C umulative impacts

The im pact of environm ental stresses
of all types can be cum ulative. The
im p acto f a particular contam inant on
an individual organism , population, or
com m unity cannot adequately be as
sessed w ithout also considering the
oth er types of stresses that are present.
An organism may be tolerant of any
single stress, but two or m ore such
burdens may im pair its ability to
function naturally. T he m arine
environm ent contains many natural
stresses: daily and seasonal changes in
tem perature, changes in salinity,
winds, currents; tides, and periodic
exposure to air; anthropogenic
stresses add to the burden o f a m arine
organism attem pting to acclim ate and
thrive in a variable environm ent.
Cum ulative im pact may explain
ecological changes for which there is
no ap p aren t single cause. Forexam ple, five years of sam pling indicates
that, for unknow n reasons, sea scallops
from deepw ater sites in the G ulf of
Maine are nutritionally deficient and
lack the glycogen reserves necessary
for spawning. T hese populations ap
parently are not reproducing them 
selves.
U nusual algal bloom s may also
indicate th at the m arine ecosystem is
out of balance. Blooms of the red tide

organism and o th er toxic algal species
are of concern not only for their
im pact on shellfisheries but because
they may be sym ptom atic of environ
m ental stress. In 1989, red tide
reached sufficiently high concentra
tions on G eorges Bank to require lim i
tations on the harvest of shellfish.
O bvious sources of ecological stress
may mask the role played by o th er
im pacts. W hile overharvesting may be
the greatest factor in the decline of
fish stocks in the G ulf o f M aine, the
cum ulative im pact of pollution and
habitat loss is m ost likely taking its toll
as well.

P ublic health

Shellfish contam inated with sewage
and ru n o ff represent a potential threat
to public health; however, rigorous
m onitoring and control program s
provide adequate safeguards through
out the G ulf region. Swimming is
p ro h ib ited at several beaches in the
G ulf region. O n any given day during
the sum m er, approxim ately 30% of
Boston H arbor beaches are closed to
swimming. In M aine, in 1988, swim
m ing standards were exceeded for the
first tim e at som e beaches. The
A nnapolis Basin, in Nova Scotia, was
also closed to swimming in 1989.
Excessive body burdens of toxins
can present a health hazard to con
sum ers of fish and shellfish. Fish pose
less of a threat than shellfish because
toxic com pounds usually accum ulate

in organs, such as the liver, that are
notn o rm ally consum ed. Shellfish, by
contrast, are usually consum ed whole.
In 1989, lim itations on consum p
tion of shellfish from the Piscataqua
River, on the Maine-New H am pshire
bord er, were recom m ended due to
lead contam ination from a nearby
toxic waste dum p.
PAH concentrations in the tom alley
of lobsters from Q uincy Bay w arrant a
consum ption advisory.
Fish from M aine’s A ndroscoggin
River have accum ulated chlorinated
dioxins; fisherm en are w arned to lim it
the n u m b er of fish they consum e from
the river.

I mpacts upon aesthetic and
RECREATIONAL USES

E nvironm ental degradation dim inishes
the quality of life of the reg io n ’s
residents. Oil slicks and industrial and
sewage outfalls make boating and
o th er recreational uses of coastal
waters unappealing. R ecreational
fishing and shellfishing are severely
im pacted in the G u lf s coastal com m u
nities by sewage contam ination and
population declines.
O ne effect of intense grow th in
coastal regions is the littering of the
shores and m arine waters that results
from increased use of the coastal
region. N on-biodegradable trash,
especially plastics, is one form of
m arine pollution that is readily visible.
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Em ploym ent is directly
related to volum e of landings:
one estim ate from Nova
Scotia links 28 full-tim e jobs
to every 1,000 m etric tons
(1,968,000 pounds) of fish
harvested.

Floating and subm erged debris and
shoreline litter also presents hazards to
boaters, fisherm en, and beachwalkers.

Chris Ayres

E conomic impacts

1

Shellfish Closures in the Gulf of Maine

Region
Massachusetts 1 (1984)
New Hampshire (1989)
Maine (1988)
Nova Scotia(1985)
New Brunswick (1985)
1North Shore and Boston Harbor.
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Productive Acreage

% Restricted

26,671

83%
100%
25%
15%

9,702

32%

8,170
3,420
49,000

The reg io n ’s fishing industry initially
benefited from restrictions on foreign
harvests established in 1977; landings
and value both increased. Between
1978 and 1988, the n u m b er of fish
processing plants in the Scotia-Fundy
region doubled, from 187 to 374.
However, landings of traditonal species
from the G ulf o f M aine soon began to
fall. For exam ple, haddock landings
declined from an annual average of
6,800 m etric tons in the early 1980s to
829 m etric tons in 1987. Declines in
fish landings in the early 1980s were
initially offset by an increase in value;
recently, however, value has also
declined for som e im portant species.
Em ploym ent is directly related to
volum e of landings: one estim ate from
Nova Scotia links 28 full-time jobs to
every 1,000 m etric tons (1,968,000
pounds) offish harvested. A lthough
landings in Nova Scotia and New
Brunswick increased betw een 1984 and
1988, due to ex p an d ed access to
G eorges Bank and harvesting of u n d e r
utilized species, the trend appears to
be reversing. In the sum m er of 1989,
several h u n d re d p lant workers were
tem porarily o r perm anently laid off in
Nova Scotia as stricter catch quotas
were im posed in response to stock
declines.

Pollution and habitat loss can also
have econom ic consequences. For
exam ple, the toxic effects o f PAH
contam ination can im pair the ability of
a fish stock to reproduce itself. The
econom ic im pacts of habitat destruc
tion may not be im m ediately apparent;
they must be estim ated by figuring the
replacem ent cost of the role coastal
wetlands play in com m ercial and sport
fisheries, aquaculture, agriculture, peat
harvesting, recreation and tourism ,
water quality control, shoreline
protection, and flood control. The
relationship between estuaries and
fisheries productivity is clear: the U.S.
National M arine Fisheries Service
estim ated an annual loss to U.S.
fisheries o f $208 m illion betw een 1954
and 1978 due to the destruction of
estuarine wetlands systems.
Sewage pollution, red tide, and
other biotoxins cause restrictions on
shellfish harvesting throu g h o u t the
G ulfregion. U nlike toxic contam ina
tion, sewage pollution affects hum ans
m ore than m arine organism s; as a
result, its effects are prim arily eco
nomic. T he tren d toward increasing
shellfish closures led M aine to pass leg
islation in 1987 to sharply curtail the
discharge of sewage to shellfish flats.
In 1988, m edical wastes w ashed up
on the shores o f New York and New
Jersey, causing public beach closures
and econom ic losses in the billions of
dollars to coastal com m unities heavily

d ep en d en t on tourism . A sim ilar
decrease in the recreational value of
the G u lf s shores would seriously affect
local and regional econom ies. Toxic
pollution also affects the m arket for
fish; concern for healthf ul food may
already be dam pening consum er
enthusiasm for seafood. If public faith
in the cleanliness and safety of the
G u lf s resources is not upheld, adverse
econom ic consequences are likely.
C ontam inated seafood, loss of
recreational opportunity and the
degradation of m arine and coastal
environm ents ldwer the quality of life
in the region and decrease its attractive
ness to residents; developm ent, the
recreation industry, and the second
hom e m arket all suffer.

C onclusion

In general, the G ulf appears to be in
good health; however, som e coastal
areas are degraded and certain fish
stocks no longer su pp o rt a com m ercial
fishery. Locally, uses of m arine waters
are restricted. Some contam inants are
evident at least in trace am ounts
throughout the Gulf.
The complexity of the m arine
ecosystem makes it difficult to differen
tiate effects of stress from natural vari
ability. Research is needed to d eter
m ine the ecological effects, both short
and long term , o f such environm ental
stresses as contam ination, habitat loss,
and overharvesting. Greatly increased
m onitoring is needed to fill in the gaps
in data regarding the ex tent and type
of stress in the Gulf. W ithout such in
form ation, protection efforts will
rem ain unfocused.
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C H A P TE R FIVE

Summary and Future Outlook

HE GULF OF MAINE

is o f great worth not only
to the people o f the G ulf
region who d ep en d upon it for econom ic,
aesthetic, and recreational value, but also
to the m any o th ers who enjoy or profit
from its resources. A m ong the m ost
productive bodies o f w ater on earth, the
G ulf has no urish ed a thriving m aritim e
heritage for several centuries.
T he grow th o f the hum an population
and concom m itant developm ent in the
G ulf region have resulted in a series of
stresses th at im pinge upon the G ulf en
vironm ent: tons o f raw and partially
treated sewage are discharged into the
G ulf each day; industrial discharges,
urban runoff, and agricultural practices
all introduce toxic contam inants and
bacteria to m arine and estuarine waters
on a chronic, som etim es acute basis;
increased fishing effort has reduced fish
stocks to all tim e lows; developm ent in
the coastal zone has en croached on en 
vironm entally significant m arine wet
lands; and accidental spills of oil and
o th er toxic m aterial place additional
stresses upon the G ulf environm ent.
Evidence o f these stresses can be
found th ro u g h o u t the Gulf. A lthough
lim ited data exist to adequately assess
the trends in environm ental quality in
the G ulf o f M aine, the w arning signs of

P eter R alston/Island Institute

degradation are clear in the research
results o f the last decade:
— highly industrialized harbors such
as Boston and S ain tjo h n are seriously
degraded; it is unlikely that such places
will ever regain all of their natural
functions;
— relatively undeveloped em baym ents,
such as Penobscot Bay, exhibit elevated
levels o f contam inants in sedim ents;
— sedim ents in the depositional basins
of the offshore G ulf of M aine contain
small b ut abnorm al am ounts of toxins,
indicating th at contam inants are being
transported throu g h o u t the Gulf.

W hile the effects o f such stresses are
n o t fully docu m en ted , natural proc
esses in the G ulf are clearly being af
fected:
— certain fish and shellfish exhibit
liver lesions, fin rot, and o th er signs of
environm ental stress;
— the rig ht w hale, piping plover, and
o th er species o f wildlife are en d an 
gered o r declining;
— populations o f som e com m ercially
valuable fish species d ep en d upon an
increasingly lim ited n u m b er of age
classes, and som e may n o t be rep ro 
ducing them selves at all;
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Jim Rollins, Bigelow Lab

"We need to stop looking at environm ental issues as though they w ere co urt ca se s. W e need, instead, to think of
ourselves as hom eow ners buying insurance. Y o u don't insure against the absolutely predictable. You prote ct agains
the possible. N or do you w a it to establish causality. You recognize that ow nership — and stew ardship over the
environm ent — involves risk-taking. So defend yourself against large and irreversible dam ages." r u s h w o r t h k id d e r

Maine Critical Areas Program

The first Gulf-wide shoreline cleanup was held in the fall of 1989.
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— apply the concept of sustainable us
to the m anagem ent o f the G u lf s ocea
and coastal resources;
— reverse the trend of shellfish
closures by controlling sewage dis
charges to coastal waters;
— abate and prevent n o n p o in t sourct
pollution by m anaging land use
activities that introduce contam inants
to the Gulf;
— abate and prevent p oint source
pollution by elim inating com bined
sewer overflows, developing and
im plem enting m ore effective wastewa
ter treatm ent technology, and enforc
ing industrial pretreatm ent;
— control disposal of persistent
plastics and litter;
— identify habitats o f Gulf-wide
significance that should be p rotected
as m arine sanctuaries, including
w etlands, and habitat for th reaten ed
m arine m am m als, birds, fish, and
o th er living resources;
A broad-based u n derstan d in g o f tf
ecological and econom ic values o f th<
G ulf is essential for the im proved
stew ardship of the Gulf. To increase
public awareness, it will be necessary l
im prove public education, to:
— develop curriculum supplem ents,
school program s, videotapes, public
service announcem ents, brochures,
and public participation program s;

Peter Ralston/Island Institute

— com pile fisheries and oth er statistics
on a Gulf-wide basis, and make them
readily available;
— publish a popularized version of a
Gulf of M aine atlas;
— conduct annual, Gulf-wide shore
line cleanups;
— develop a citizen’sguide to environ
mentally sensitive land use practices.
Effective m anagem ent of the Gulf
will require ongoing cooperative research
on the structure and function of the
Gulf ecosystem as well as on the effects
of pollution, h abitat loss, and oth er
stresses. To im prove o u r understand
ing of the Gtdf, it will be necessary to:
— establish regional research priori
ties, standardized sam pling and
analytical m ethods, and a cooperative
research strategy;
— conduct research on the sources
and fates o f contam inants in the G ulf
ecosystem and develop techniques for
assessing their ecological and cum ula
tive effects;
— evaluate indicators of chronic
contam inant effects and hazards to
hum an health;

— conduct research that identifies
favorable approaches to resolving the
G u lfs pressing m anagem ent issues.
M uch is already being done to
p ro tect and enhance the G ulf environ
m ent. Billions of dollars are being
invested in expanding and im proving
sewage treatm ent. To restore popula
tions o f salm on and o th er fish, m illions
of smolts are released in the G u lf s
estuaries each year and fish ladders are
being installed in many dams. H un
dreds o f volunteers have participated
in shoreline cleanup efforts; the first
Gulf-wide cleanup was held in the fall
of 1989.
Many are also capitalizing on sound
o p portunities to benefitfrom the
G u lf s resources: aquaculture and
tourism are representative of new and
expanded econom ic activities that
thrive on a healthy environm ent and
are p rep ared to m eet the challenge of
sustainable developm ent.

T he future d epends on our ability
to foster partnerships that bridge the
Gulf, to fathom the com plexity o f its
ecosystem , and to m itigate the stresses
we im pose upon it. T he rewards of
such endeavors will be im m ense; the
consequences of com placency, if we do
not act, will be equally great.
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Glossary

Aquaculture - the organized cultivation of
marine plants and animals for human use
and consumption.
Benthic-bottom-dwelling.
Biomass- the weight of all or selected living
material in a unit area at a given instant in
time.

Eutrophication- an increase in the concen
tration of nutrients in bodies of water due
to natural causes, human influence, or a
combination of both; the resulting increase
in productivity of aquatic plants depletes
dissolved oxygen, reduces water quality,
and kills aquatic organisms.
Gyre - a circular How of water.

Copepods - herbivorous, microscopic
crustaceans on which many larger fish and
other marine animals feed.

NonpointSource- dispersed sources of
pollution that do not enter the water at
discrete or identifiable locations.

Cumulative Impacts-those impacts on the
environment that result from the incre
mental impacts of an activity when added
to the impacts of other past, present, or
foreseeable future activities.

Pathogens - substances which cause disease.

Demersal- living on or near the sea bed.
Diadromous-fish that migrate between
freshwater and saltwater to spawn (salmon,
shad, striped bass, alewives, herring).
Ecosystem - a community of living plants
and animals that interact with one another
and their physical environment. The entire
Gulf of Maine can be considered as a single
ecosystem comprised of many intercon
nected ecosystems such as rivers, bays,
estuaries, beaches, and islands.
Effluent-any matter that enters the
environmentfrom a specific source; the
term generally refers to waste water from a
sewage treatment or industrial plant.
Estuary- any confined coastal water body
which acts as a transition zone between
fresh- and saltwater.

PAHs-polycyclic aromatic hydrocarbons
are cancer-causing substances that are
released during the combustion ofwood
and petroleum products, and other
materials. PAHs enter the aquatic environ
ment through fallout, surface runoff, or
industrial effluents.
PCBs- polychlorinated biphenyls; nondegradable liquids used in electrical trans
formers, capacitors, adhesives, lubricants,
etc. that are of enviromental concern due
to their wide dispersal, chronic toxicity, and
their ability to accumulate in the food
chain. PCBs are no longer manufactured,
but are still in use.

Productivity-rate of formation of organic
matter averaged over some determined
period of time, such as a day or year.
Recruitment- number of young annually
added to a population.
Red Tide - the concentration of certain
toxin-producingdinoflagellates (micro
scopic plankton) which contaminate filter
feeding shellfish.
Salt Marsh - a saltwater wetland character
ized by non-woody vegetation such as
grasses and sedges.
Sublethal-below the concentration that
directly causes mortality. Exposure to
sublethal concentrations of substances may
impact an organism by lowering its ability
to fight disease, feed, reproduce, or escape
predators.
Wetland - land in which the soil is saturated
throughout the year and supports aquatic
and semi-aquatic vegetation.
Zooplankton/Phytoplankton-minute forms
of anim al/plant life which swim or drift in
aquatic environments.

Pelagic-livingin thewater column
Persistent-compounds that are not readily
degradable by physical, chemical, or
biological processes.
Point Sources- direct discharge of pollut
ants into the water by a single source of
conveyance, such as a pipe from a sewage
treatment plant or a factory.
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